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 Primary: Todescribetherisk methodology
used by the IC CAIG

— Full disclosure
— Standardization

o Secondary: To provide guidance and offer
IHlumination to | C component cost groups

 Tertiary: To advancethe state of theart for
risk in general
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 DCI-Level Cost Analysis Group established in 1998

— Response to recommendations from a DCI Project Review Panel
— First cost review conducted jointly with OSD CAIG

 |C CAIG nameadopted in 1999 to createrapid
familiarity with mission and purpose

 Grown to5 Govt plus SDCICH

Contractor Support (G0an Dempsey)
[ | |
Ex. Dir/ICA
* T aSked by SAE (Larry Kindsvater) ADCI/C ADCI/A&P
Program Analysis &
B DCI Evaluation Office (PAEO)
(Deborah Barger
— DDCI/CM
C ess IC CAIG CAIG Officers: Joe Landino
B N St. Loui
ondr (Shishu Gupta) P"feﬂ%ng ouis
Vacant
Contractor Support: Aerospace
TASC/MCR
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* Perception and reality of cost growth
— Double/ triple digit budget growth

o Schedule slips on numer ous programs
e Lack of program baseline data
 High Congressional interest (& tasking)

* |mmature cost analysisinfrastructure
— Few cost groups
— Fewer cost databases

— Culture opposed to oversight
— Waiver from DODD 5000
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FIA and USIGS Risk weredonein 1999 in the absence of a
formalized 1C CAIG methodology using separ ate appr oaches:

FIA —Historical risk methodology

— Schedule/Technical Risk
Experts assessed CWBS elements using arisk matrix (high-level)

Linear, historically derived Risk-Score-to-Risk-Per cent M apping equations wer e applied —
symmetrical risk distributionswith rising means

— Cost estimating risk:
Standard deviations based on SEE of CERs
Symmetrical normalswith a small historically derived bias were applied

USIGS — Expert-based risk methodology
— Schedule/Technical Risk

Experts assessed on minimum, most likely and maximum
« Some historical risk factors used
— Cost estimating risk:
Standard deviations based on SEE of CERs
Symmetrical normalswith a small historically derived bias were applied

Reconciliation conducted with the program officerisk teams

Goal: movetoward a standardized methodology for risk asbriefed here
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o Scope of the Estimate

— Scope limited to the CARD (Contractor/SPO view)
— Reasonable allowance for scope creep (SPO/PEO view)
— Basisfor future budgets (CAIG/Congressional view)

o Self-fulfilling prophecy
— No evidence either way

— Will new DoD policy to budget to OSD CAIG estimate
shed any light?
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e Cost Estimating * Requirements
(quality of inputs & methods) (Did design meet intended reqm’ts?)
— Error | — Scopecreep
B Unc.erFalnty — Clear Definition
— Omission
e Budget
e Schedule/Technical (stablefun.dlng, pro.per phasing)
(ability to meet the intended design) — Funding profiles
— Technology — Perturbations
» Tech Readiness . Th t
« Application _ rea
_ Performance (Did the problem change?)
— Management —
+ Joint programs Difficult to Budget For;
T Temseperience Often Implicit or Omitted
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e Linked to historical
data (Risk CER)

» Schedule Risk

— Compression vs Stretch

e Correation
— Independent elements
— Functional correlation
— Among factors
— Among phases
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Role/value of expert
opinion
— Convolution

— AHP
— Tech assessments

Uncertainty vs Risk
Time phasing of risk

Shape of Risk
Distributions

Basic statistics
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 Cost Primacy: Risk must never be used to correct cost estimation shortcomings

or used to bypass or short-circuit cost estimate reconciliation
— Errorsor shortcomings uncovered in cost estimation are fed back to the cost estimator, not repaired in therisk estimate
— Exception: theusual failureto foresee growth isthe province of therisk estimate

* Cost-Risk Consistency: Risk methods must bein closest possible agreement with cost methods

 Risk Consistency: Risk methods must bein closest possible inter nal agreement
— Consistency isnot better than being right, but we place great value on internal consistency
— If inconsistency suggests prior error, we endeavor to correct it

e Mathematical & Statistical Principles: We striveto follow them

« Historical Checks: History isthe only suretest of methodologies
— Thisdoes not mean slavishly repeating history, but rather testing our selves against history

 Primacy of Lower Moments: Correct lower order moments moreimportant than higher order

— E.g., Wewant the best possible answer for the mean first, and the highest confidence and lowest CV second, and so on, within
reason

— Extension: We believe that lower order moments are more easily estimated and more stable

« Improvement: Improvement isthe standard, not perfection
— Coroallary —if a change introduces improvement in any aspect, and no degradation, the change should be accepted
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Model Architecture
e |nputs

e Structure
e EXxecution
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* Interval w/ objective criteria | |nputs

2 1 o,y ° Historical
= . Interva: S ol + Domain Experts
o * Ordina Slml -+ conceptual
n « None
— Coverage & Partition Structure — Distribution
» Cost Estimating e Normal
» Schedule / Technical « Log Normal
* Requirements o « Triangular
g e Threat -8 * Beta
% — Assigning Cost to Risk E « Other (e.g., Bernoulli)
= * CERs - = — Correlation
o~ e Direct Assessment of Distribution o) « Functional
(@) Parameters 5] i . :
= o * Injected historical
@) * Factors ©) [
A O * Relational
* Rates o i i
he L * Injected nominal
— B?|0¥Z;t e-Line * None Tip: Higher is
N generally better
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Engineers Cost Analysts
« Work in physical materials, « Work in dollarsand parameters,

with

— Physics-based causal responses
— Physical connections

with
— Statistical relationships
— Correlation

o Typically seek to know:

— Given thissolution, what will go
wrong?

— Aredesign margins enough?

Typically seek to know:

— Given thisrelationship, what isthe
range of possibilities?
— Arecost margins enough?

Both views are valid.
Goal isto mergethe best qualities of both views.
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* Interval with objectivecriteria

— Set scoring based on objective criteria, and for which the
distance (interval) between scores has meaning. (Note: the
below exampleis also Ratio, because it passesthrough the
origin.)

* A scheduledlip of 1 week getsa scoreof |, adlip of 2weeksgetsa scoreof
adip of 4 weeksgetsa , adlip of 5weeksgetsascoreof , etc.

 Thedifference between ascoreof ' and ~ isasbig as a difference between
scoreof © and

e A scaleisinterval If it behaves as interva
under examination® SR
Q scom&) $$ BASIS

— Superficial appearanceisunimportant  ~—_
ORGANI - PROB.

_ o o
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— Set scoring for which the distance (interval) between

scor es has meaning
« Lowriskisassigned a ', mediumrisk isassigned a ,and ahighrisk is
assigned a
* Notethat it isnot immediately clear that the above scaleisinterval, but
it issurely not subjected to objective criteria.

e Ordinal

— Scoreisreativeto the measur ement
« eg., difficulty in achieving scheduleis or

e None*

* Note that nominal, while a valid category, is never
used in practice
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— Actual costs of ssimilar programs or components of
programs are used to predict costs

« Domain Experts

— Personswith technical expertise regarding similar

programs or program components assess the cost impact
based on their experience

e Conceptualt

— An arbitrary impact is assigned SCORING @B@
ORGANI - PROB.
1 Any scale without a historical basis ZATION MODEL
or expert assessment is*“ conceptual” COMPU- CROSS
. TATION CHECKS
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 How thefour typesof risk are covered and
partitioned
— Cost Estimating
— Schedule/Technical
— Requirements
— Threat
These risk types may be covered implicitly
or explicitly in any combination.
SCORING $$ BASIS
ORGANI - PROB.
ZATION MODEL
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# Assigning Costto Risk masc

 Risk CERs: Equationsare developed that reflect the
relationship between an interval risk score and the cost
Impact of therisk (thismight also betermed a Risk
Estimating Relationship (RER))

— Theseequations are equivalent to CERsin a cost estimate
— Allowstechnical expertsto providetechnical risk scores
— e.g., Risk Amount = 0.12* Risk Score
e Direct Assessment of Distribution Parameters. Costsare
captured in shifts of parameters of therisk, e.g., shifted end
pointsfor triangulars, shifted end pointsor meansfor

betas, etc.
_ _ S SCORING | $$BASIS
— Askstechnical expertsto define cost distributions ————
i ORGANI - PROB.
(e.g., best cost, nominal cost, wor st cost) <\z AT ON/) MODEL
COMPU- CROSS
| TATION CHECKS
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e Factors: Fractionsor percentsareused in conjunction with

the scores and the cost of the component or program
— e.g., ascoreof 2increasesthe cost of the component by 8%
— Antenna Risk Score=2
— Cost of Antenna = $4,090K
— Risk Amount =0.08 * 4,000K = $327.2K

» Rates: Predetermined costsare

associated with the scores
— e.g., ascoreof 2 hasa cost of $100K
— Antenna Risk Score=2
— Cost of Antenna = $4,090K
— Risk Amount = $100K SEORING | SEAsie

ORGANI - PROB.
ZATION MODEL
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e Baow-the-Line Elements

— Elementsthat aredriven by hardware, software, and thelike

— Below-the-Line Elementsinclude:
» Systems Engineering/Program Management (SE/PM)
» System Test and Evaluation (ST& E)

— Not all models account for this cost growth

@& Organization — NoRTHIROR CRUMMAN

= _frr.ﬁrrm'-arrbrr Technolocy

— Functional Correlation isan approach to addresstherisk in these

elements
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 Normal e Lognormal
— Best behavior, most iconic — A natural result in non-linear
— Theoretically (although not CERs
practically) allows negative — Indistinguishable from
costs, which spook some Normal at CVsbelow 25%
users — Skewed

— Symmetric, needs mean shift
to reflect propensity for
positive growth

SCORING $$ BASIS

ORGANI -
ZATION
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e Triangular

e Most common

» Easy touse, easy to understand
» Skewed

e Beta

« Solvesnegative cost and duration issues

 Many parameters—simplificationslike
PERT Beta are possible

e Skewed
e Bernoulll

» Probability isonly assigned to two possible outcomes, success and failure
(pand q = 1-p)

o Simplest of all discretedistributions

e Mean=p

 Variance=p*(1-p) = p*q
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Correlation iIs a measure of the relation between
two or more variables/WBS elements

e Functional: Arises between source and derivative
variablesasaresult of functional dependency. The
lines of the Monte Carlo are cell-referenced

wherever relationships are known.

— CERsareentered asequations
— Caéll references are left in the spreadsheet

— When the Monte Carlo runs, input variables
fluctuate, and outputs of CERsreflect this SCORING | INPUTS
ORGANI- ¢~ PROB.
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e Old: No Functional e New: Simulation run with
Correlation; Simulation run functional dependencies
with WBS items entered as entered asin the cost model
values
400 400
350 + 350 + N [ [ |
= = [ |
(B-/'J) > B [ | ‘ .' % il Jrl
250 -+ CJ 250
- I“ - ¢ m
200 1 i | | 200 1 1 \ \
1000 1200 1400 1600 1800 2000 1000 1200 1400 1600 1800 2000
Recurring Production Recurring Production

Not Correlated I Correlated I

Functional correlation “ flowsrisk through” to “ Below theLing’ CWBS elements, and so
increasesrisk in the cost estimate ... asit ought to be increased.

Thisincrease can be a doubling, depending on the CERs and the correlation

CMS-Risk-Methodology-Manuial-vo0.ppt Note shift of , and increased variability
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* Injected historical: Introduces correlations based

on historical data

— Usually implemented much like Functional Correlation - but the
Initial point estimates were derived independently

— Theimplicit CER must be checked for reasonableness against the
two point estimates
« Extremeimplicit calibration should be avoided.

 Relational: Introducesthe geometry of correlation,
provides a substantial Improvement over injected

nominal correlations, and fillsagap in FC

— Relational Correlation providesinsight into
» Thetilt of thedata, i.e. theregression line,
 Thevariancearound theregression line

Cl IL !l ![!! ogyl anu! v[“ pp\
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* Injected nominal: Imposed by assigning a
nominal (e.g., 0.2) correlation directly

between variables
— Ignoresimplied regression created by the correlation

— Arbitrary, but better than nothing

 None: No relationship exists among the
variables. Thelinesof theMonteCarlo are
self-contained.
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« Monte Carlo: A method, used on a broad range of
risk assessmentsfor many years.

— Produces cost distributions, giving decision makersinsight into the
range of possible costs and their associated probabilities

e Method of Moments: The mean and standard
deviation of lower-level WBSIlines are known, and

arerolled up to provide higher-level distributions.
— Easy to calculate

— Negated by the rapid advances in microcomputer technology

— Only worksfor independent elements, unless covariances are allowed
for, which is difficult.

» Deterministic: Only point valuesare  *°%"™ | T
used. No shiftsor other probabilistic | Zifen | mobe

. ZATION MODEL
~ effectsaretaken into account. Coomn™) gross
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« Means. Themean cost growth factor of therollup
and CWBS eements can be compared to history to

cr oss check results

e CVs TheCV of therollup and CWBS elements
can be compared to historical dispersion levels

e |nputs: Meansand distributions of inputsor other
parameters can be compared to history to cross

check inputs and assumptions

— Example: Historical risk scores can be compared
toprogram risk scoresto seeif risk assessorsare
being realistic, and whether the underlying SCORING | INPUTS
database isrepresentative of the program.

ORGANI- PROB.

ZATION MODEL
COMPU- ( CROSS

N
—?
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o * Interval w/ objective criteria | |nputs _ « Historical
£ * Interval -  Domain Experts
o * Ordinal a » Conceptual
n « None
— Coverage & Partition Structure — Distribution
» Cost Estimating « Normal
» Schedule / Technical « Log Normal
+ Requirements O - Triangular
g * Threat -8 * Beta
% — ASS|gn|ng Cost to Risk E « Other (e.g., Bernoulli)
E CERs _ = — Correlation
o~ e Direct Assessment of Distribution o) « Functional
(@) Parameters 5] ; . :
= o * Injected historical
@) * Factors ©) [
O * Relational
* Rates a : :
_ * Injected nominal
— B(.elo\\(/(\a/;the-Llne * None Tip: Higher is
N generally better
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Size Adjustments
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/ Note that the \ R&DDEonly
Upper and Lower Bounds by n Bins -zoom in
7.00 1} + Actual
bounds are not .l oredicted
Symmetrlc. —Upper
Also, dispersion >-00 —— Lower
IS higher for L
smaller projects © -
... an effect that —
IS captured by — ——t
\ the bounds. I
800 1000
Baseline
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This converts \E [ Thisconvertsjust
CGFs - the risk percent
Predicted | CGF Adj | Risk % Adj

Size CGF Factor Factor Suppose a $1OOOM

100 1.57 1.25 2.26 program is given a risk

250 1.46 1.17 1.83 0 . .

500 1.39 111 157 of 22% using the risk
| 750 1.36 1.09 1.45 | Scores and mapp| ng

1000 1.34 1.07 1.36 . T n

1500 1.32 1.05 1.26 eguations. en, the

2000 1.30 1.04 1.19 229 risk will be

3000 1.28 1.02 1.11 .

2000 To6 Tol To6 Increased by a factor of

5000 1.26 1.00 1.02 based on the

5500 1.25 1.00 [C 1.00 2 - -

6000 1.25 1.00 0.99 program size, resulting

7000 1.24 0.99 0.96 In atotal risk of 29.9%.

8000 1.24 0.99 0.94

v
At $5.5B, risk isnot adjusted for size
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o Unknown unknowns (risk) represent a
significant sour ce of cost and budget growth

* Programsneed to begin estimating and
budgeting for this® risk”

 Therearemany waysto dorisk

— Some are better than others
— Important to strive for improvement
— Something is better than nothing

 Challenge: Budgeting for “ Risk”
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